308 a*&&xM¥£B m 39 m m 4 ^ 1992 ^ 4 n c 14 ) 



* m% K$>tzK>, tkmt 1 s »c j; s i?w «c o ^ r aim 

1) Oda, M., Yasuda, Y., Okazaki, S., Yama- 
uchi, Y. and Yokoyama, Y. : Cereal Chem., 
57, 253 (1980). 

2) /hfflH^ : 'hmt'^m.®, p. 8 (1988). 

3) mWfciZ • tm7%&¥- • >mi£ft : W«^«tte. S'J 

fffl 2, 35, 256 (1985). 

4) itH R-Silffill^ -fflffllLE-fiKffi— : B^: 
Xfg. 35, 7 (1988). 

5) : SUfc J: omU, 65, 86 (1990). 

6) Nagao, S., Ishibashi, S., Imai, S., Sato, 
T., Kanbe, Y., Otsubo, H. : Cereal Chem., 
54, 198 (1977). 

7) SJH BiJfffl 2, 38, 234 (1988). 

8) 6tt/T : aUMf-fflSFfc. p. 40 (1989). 

9) Juliano, B.O. : Cereal Foods World, 16, 



334 (1971). 

10) ^mff^m^^m ■. Kmvtox&ak • 

. il^SoaiJ^^. p. 15 (1990). 

11) mm3z*i-%i* HE: 8 AXIS, 38, 44 (1991). 

12) Deffenbaugh, L.B., Walker, C.E. : Die 
Starke, 42, 89 (1990). 

13) ^mrfwrn^mm xmotaxm®. • &±&m 
mmB<omi&3&, p. 31 (1990). 

14) &«f? VSfltt&tiEEg : #^©flDXi®tt • 3c£teH9 
aM©lMS3rffi. p. 35 (1990). 

15) ASfS^fflftiPT : 'h*©SKfftiEffi— 
■gt&&3ttc<fc£Sb^iH4, (1985). 

16) EB4 3 S • S7jc*^l • fattumm : '* v =» ^KtSt 

OHO), p. 258 (1984). 

17) us ^ • /hH<&;/> • si 1 ixep • tg*^3S: : wa 

^Jtfe B'JTO 2. 39, 142 (1989). 

18) ¥■ #^-H*3iH: BftlS, 55, 145 (1986). 

19) J: tfSS. 65, 1373 (1990). 

(¥/3c3^2^ 13 BSD 




( 15 ) 



Nippon Shokuhin Kogyo Gakkaishi Vol. 39, No. 4, 309-315 (1992) C*R£) 



309 



• ft* » 



The Continuous Observation of Milk Coagulation with 
Light Scattering by Means of Optical Fiber 



Toyohiko Doi*, Mikio Kanzaki*, Hiroshi Nakanuma*, Miyuki Shibuya* 

and Kiyoshi Matsumoto** 

* Engineering Research Center, Morinaga Milk Industry Co., LTD. 
4-515, Tateno Higashiyamato-shi, Tokyo 207 
** Department of Food Science and Technology, Faculty of 
Agriculture, Kyushu University. 6-10-1 Hakozaki, 
Higashi-ku, Fukuoka-shi 812 



The tendency of light scattering at milk coagulation was investigated by means of optical 
fiber for process control of cheese or yoghurt processing. Ingredient or measuring direction 
of light scattering or wave length was varied and also an optical fiber with modified tip was 
employed. The tips of both optical fibers from the light source and the sensor were 
immersed in mixed ingredient solution and light scattering were measured continuously. 
Raw output signal and first derivative of output signal from the amplifier for the sensor were 
recorded. In all processes tested under different conditions of cheese processing, the 
beginning of coagulation was observed at the location immediately after the first obvious 
peak on the first derivative curve. Similar results were also obtained inthe case of yoghurt. 
The tendencies of light scattering were correlated to those of curd-tension measured 
simultaneously in cheese processing. Some experiments, in which concentration of rennet or 
concentration of calcium chloride or heat treatment of raw milk were varied, were carried 
out. Two obvious peaks were observed on most of first derivative curves. To make heavier 
the heat treatment of raw milk caused the height of the first peak lower and the second peak 
later. When the amount of rennet and/or calcium chloride were increased, .the appearances 
of both of the first and the second peaks became faster and the height of the first peak was 
increased. The relations between the curd-tension values obtained after 60 minutes and the 
height of first peak or the appearance time of second peak were such that the higher the first 
peak became or the shorter the appearance time of the second peak became, the higher the 
curd-tension value tended to. The tendencies of light scattering depended on measured angle, 
but the locations of the peak on the first derivative curve coincided with each other. In the 
measurement of light scattering at the direction of 180°, when the tip of the double track 
optical fiber from the sensor and the light source was covered with plane glass plate, polarity 
of second peak reversed, and the whole shape of the light scattering curve showed reverse 
shape of the measuring curve at 0° with respect to abscissa. These observations are 
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supposed to mean rapid shrinking of the clot at the second peak. No fundamental difference 
was observed in the results of light scattering pattern at the direction of 180°, with red light 
(660 nm) and green light (565 nm) in the cheese and also yoghurt processing. These results 
suggest that the size of casein micelle does not increase at coagulation. Light scattering 
measurement seemed to propose the possibility for monitering of milk coagulation and for 
the prediction of the properties of finished curd. (Received Apr. 26, 1991) 
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